Results are presented for a large flare detected simultaneously on the RS CVn star II Peg by the X-ray satellite GINGA and from ground-based Johnson [/-band measurements. We estimate the total [/-band flare energy to be at least 6.6 x 10 34 erg. This compares with at least 4.6 x 10 34 erg in the 1-10 keV energy range. These values are lower limits to the true radiative output, since the [/-band data relates only to the rise phase of the flare, while the X-ray data were obtained during part of the decay phase. Using a 'smooth-burst model', we estimate that the combined [/-band plus X-ray radiative output is « 3 x 10 35 erg.
INTRODUCTION
Two groups of stars show magnetic activity similar to that seen on the Sun but on a much enhanced scale, i.e. the UV Ceti/BY Dra dwarf M and K flare stars and the RS CVn sub-giants. The common feature between the two is rapid rotation with periods ranging from a few hours to a few days. This rapid rotation, in combination with deep convection, leads to a powerful dynamo action. Here, we report on GINGA X-ray and ground-base optical observations for one of these RS CVn-type stars, II Peg, obtained in 1989 August.
II Peg ( = HD 224085) is a single-line spectroscopic binary of spectral type K2 IV-V with an orbital period of approximately 6.7 d. It is photometrically variable showing a wavelike variation, of the type usually interpreted as due to cool surface spots. Based on the photometric variability, II Peg was first classified as a BY Dra-type variable. A more detailed study by Rucinski (1977) , however, concluded that it was probably an RS CVn-type star. Rodono et al. (1986 Rodono et al. ( , 1987 and Byrne et al. \\9%T ) reported on contemporaneous optical photometry and ultraviolet spectroscopy taken in 1981. The ultraviolet data indicated a modulation with phase in the sense that the maximum ultraviolet line emission was observed at phases near the minimum in the optical light curve, interpreted as due to the rotation of a solar-like active region.
Based on ultraviolet data obtained in 1983, Doyle, Byrne & van den Oord (1989) showed II Peg had a high rate of flare activity, flaring perhaps once every 10 h. Flares on RS CVntype stars are also quite often detected in the radio regime (e.g. see review by Mullan 1985) and X-ray regions (e.g. Tsuru et al. 1989) . However, there have been very few reports of optical flares (Patkos 1981) being detected on RS CV-type stars. This has generally been considered as due to a contrast effect, although an alternative explanation in terms of loop length and density has been suggested . It was within this context that we undertook a campaign to monitor II Peg simultaneously in the X-ray and optical regions. We present preliminary results of a large flare detected simultaneously in the X-ray and optical regions.
OBSERVATIONAL DATA AND REDUCTION

X-ray data
The X-ray data was acquired by the Japanese X-ray satellite GINGA from 12:28 ut on 1989 August 14 to 03:33 ut on August 17. The instrument used was the Large Area Proportional Counter (Turner et al. 1989 ), sensitive to photons in the energy range 1 to 35 keV. Because of GINGAs low orbit, and the requirement for simultaneous monitoring from ground-based optical telescopes, the source was occulted by the Earth for « 35 per cent of each orbit. In addition, during passage through the South Atlantic Anomaly (SAA), the detectors were shut off to prevent damage from the high particle background. The result of these restrictions was that the effective observing time on II Peg was reduced to « 26 hr in total. Hence only intermittent X-ray coverage of the target was achieved. Spectra were accumulated for periods of 16 s, with II Peg being detected in quiescence (non-flaring) throughout the observing period at approximately 6 cts s -1 . During the period of monitoring, two X-ray flares were detected. The first of these on August 16 showed only a 30 per cent enhancement over quiescence. The second, much larger flare was detected on August 17, just after GIN G A exited from the SA A. After an additional 35 min on-target, the satellite then slewed to the next object. The flare showed an enhancement of a factor of 30 over quiescent (see Fig. la) . It is this event that we discuss below.
Reduction of the data was done at the Rutherford Appleton Laboratory using the University of Leicester GINGA software. Normally, the most difficult part of reduction of GINGA data is the determination of the correct background, as this varies as a function of position in orbit and time of the year. For this we used background files taken between 1989 July 4 and 1989 August 20, comprising 70 hr of data. The background correction should be good to 10 per cent for weak sources, however since the flare enhancement is a factor of 30, the derived fluxes here have a much higher accuracy.
Optical data
Photoelectric observations were obtained at the Stephanion Observatory using the 0.75-m Cassegrain reflector of the University of Thessaloniki. The telescope and its UBV photometer system has been described by Mavridis, Asteriadis & Mahmoud (1982) . Flare monitoring was in the Johnson U-band, with the data being digitized every 6 s. During the monitoring, interruptions of 30-90 s were necessary to record sky background, with 8-13 min required for nearby comparison star measurements. During the period from 22:10 ut on 1989 August 14 to 02:40 ut on August 17, 13 hr 40 min of monitoring was obtained, with three optical flares being detected. The weather during the campaign was very good. On 1989 August 17, during a total lunar eclipse, a large flare (see Fig. lb ) was detected in the Uband. Because the flare occurred during a lunar eclipse, the optical observations were often interrupted in order to monitor the sky background. The flare occurred a few minutes after GINGA entered Earth eclipse.
RESULTS AND DISCUSSION
The large U-band flare observed on 1989 August 17 had a duration of more than 36 min. Unfortunately, due to sunrise, the optical observations ceased before the flare ended. The ratio (7 f -/ 0 )// 0 at flare maximum was 0.932, where 7 0 is the intensity deflection due to the star in its quiescent state after sky subtraction and 7 f the total intensity due to the star in its flare state less sky background. Finally, the flare's equivalent duration in the £/-band given by
(1) / was 21.44 min, where At is the U-band integration time. To obtain the energy of the flare one then multiplies the equivalent duration by the star's quiescent luminosity. This we obtained by taking the t/-band quiescent magnitude observed before the flare and converted to absolute flux units using the calibration of Bessell (1979) . The distance to II Peg was from the tabulation of parameters by Rodono et al. (1987) . The U-band data implied a flare energy of at least 6.6 x 10 34 erg. Unfortunately, the U-band monitoring The LAC spectra were fitted with single-temper ature Raymond-Smith-type models (Raymond & Smith 1977) with temperatures which ranged from 5.5 to about 3.5 keV late in the flare decay (see Table 1 ) and an emission measure normalization. With the exception of the iron abundance (which was a free parameter), all other parameters were fixed at default solar values. Since II Peg is about 30 pc from the Sun, the line-of-sight absorbing column density is essentially zero. Therefore, in the spectral fits this parameter was fixed at zero. Examples of two of these fits can be found in Fig. 2 . In all flare spectra, the He-like resonance line of Fe xxv is clearly visible. A proper fit for this feature implied an iron abundance of 33 per cent of that used by Raymond & Smith (1977) during the period of X-ray observations. Integrating over the X-ray flux energy points as given in Table 1 implies a total X-ray flare energy of at least 4.6 x 10 34 erg. This, however, is a lower limit to the total flare energy as we neither observed the beginning nor end of the flare. These flare energy points in Table 1 can be fitted quite accurately by a simple power-law. Extrapolating this power law back to the flare peak as observed in the ¿7-band and projecting it forward, implies an X-ray energy of « 2 x 10 35 erg. An alternative method of estimating the total X-ray energy is to use a 'smooth-burst model', where the integrated flux /(¿) is given by
where B=(t-i starl ) e'/Zir,. t d is an exponential decay time (in hr), i start is the start time of the flare (assumed to be 2:03 ut as given by the optical data), and A is the peak value of the flare. The total X-ray energy is then given by where d vc is the source distance in parsecs. A range of ß values from 0.1 to 5 were tried. Using the optical data to constrain the X-ray flare to peak at ~ 02:30 ut, requires ß~ \ and t á = 1296 s. This gives a total emitted X-ray energy of 1.84 x 10 35 erg, with an accuracy of better than a factor of 2. The fitted 'smooth-burst model' is given in Fig. 3 .
Assuming the presence of A identical semi-circular loops, each of length L{=jiH), and that the loop cross-section expands towards the apex, the flare volume is given by
where T = A t /A b , the ratio of the area of the loop base to loop apex, i.e.
8 and a is the loop aspect ratio, taken to be 0.2, i.e. typical of solar X-ray flare loops (Doyle & Widing 1990 ). The EM is given by
The radiative loss time is given by 3n e kT 2 S > n e ip (7) where for T> 30 MK, the radiative loss function is given as / ip(T) = ip 0 T r =lO~l 4J3 T 025 (Mewe, Gronenschild & van den Oord 1985) . The effective decay time of the flare is a function of both radiative and conductive cooling. However, van den Oord, Mewe & Brinkman (1988) suggested using the quantities the exponential decay time of the LAC lightcurve, and r T , the exponential decay time of the temperature. Using these parameters the effective decay time is given by
From the data we find zy « 3823 s, r LAC « 2081 s and therefore r eff * 2132 s. The loop height is then given by
Hence, assuming that radiative cooling dominates, i.e. t v = r eff (as has been found for a large solar two-ribbon flare, e.g. Doyle & Widing 1990) , and assuming A= 1, T= 65 MK, r = l and EM= 30 x 10 53 , we find //=2.9xl0 10 cm, F-6.1 x 10 30 cm 3 and n e = 7.5 x 10 11 cm -3 . The EM derived here is approximately 2 orders of magnitude larger than typical emission measures determined from X-ray flares on M dwarf stars Pallavicini, Taghaferri & Stella 1990) , but similar to the value derived from another X-ray flare on the RS CVn star, UX Ari (Tsuru et al. 1989) . The other derived parameters may be compared with the analysis of a large ultraviolet flare on this star by in which they derived an electron density at 10 5 K that was an order of magnitude smaller. However, the flare volume implied from the current data is quite similar to the value derived by .
Previous observers (e.g. Chambliss et al. 1978; Bahúnas, Guinan & Dupree 1984) have noted the lack of corresponding optical flares for quite large ultraviolet and microwave flares. With the exception of an observation by Patkos (1981) , this is the only reported optical flare on an RS CVn star. This has been generally interpreted as a contrast effect, since the blue non-flare continuum is more intense in these stars than, for instance, in the dMe or flare stars where optical flares are common. An alternative explanation, based on increased loop lengths and densities of RS CVn stars was suggested by .
The ¿/-band plus X-ray energy observed for this flare is «3xl0 35 erg, however the total energy must be several factors larger since we do not know the energy in the other optical or the UV/EUV bands. This therefore implies an enormous amount of energy, being several orders of magnitude greater than very large solar two-ribbon flares. A tworibbon flare is associated with the presence of a filament in an active region which becomes unstable. For example, Doyle et al{\9%9) showed that the stored energy is given by W= 1.6 x 10 37 1000 G erg,
where / is the length of the filament, R Q is the solar radius and Z? surf is the surface magnetic field strength. Taking the stellar radius R* = 2.8 R 0 (Rodono et al. 1987 ) and a magnetic field strength of 1000 G, then we have a magnetic energy of « 1 x 10 38 (//R 0 ) er g-This would therefore imply that the filament lengths should be comparable to estimated X-ray flare loop sizes.
